Combinational therapies are often required in the management of type 2 diabetes mellitus (T2DM). Among the important candidates, dipeptidyl peptidase-4 inhibitors (DPPIs) and metformin combination (DPPI-MET) have shown promising endeavors. In order to examine the efficacy and safety of such a combination therapy in T2DM patients finding inadequate control with metformin, this systematic review and meta-analysis has been conducted. Literature search was made in multiple electronic databases. Inclusion criteria included; RCTs examining the efficacy and safety of DPPI-MET against placebo-MET or MET-only groups of T2DM patients by observing changes in disease endpoints including HbA1c and FPG, and the length of trial be at least 12 weeks. Mean differences based meta-analyses were performed and heterogeneity assessment was carried out. Nineteen studies were selected and included in the meta-analyses. DPPI-MET significantly improved all disease endpoints and the difference could be noticed up to 2 years in the majority of outcome measures. In comparison with PBO-MET, the DPPI-MET combinational therapy resulted in the percent HbA1c changes from baseline with a mean difference [95% CI] of À0.77 [À0.86, À0.69] in 3-month (P < 0.00001), À0.67 [À0.76, À0.59] in 6-month (P < 0.00001), À0.67 [À0.88, À0.47] in 1-year (P < 0.00001) and À0.36 [À0.53, À0.20] in 2-year trials (P < 0.0003). Reduction in body weight and safety profile in the treated and control groups were not different. A combinational therapy with DPPI and metformin significantly improves diabetes clinical indicators and this effect has been observed for up to 2 years herein. Safety and tolerability of DPPI-MET combination have been found well-manageable with a very similar adverse event profile in both treated and control groups.
Introduction
Type 2 diabetes mellitus (T2DM) prevalence is increasing and this disease could be the seventh leading cause of mortality by 2030. At present, 350 million people are suffering from this devastating disease (WHO, 2013) . Microvascular complications associated with diabetes lead to blindness, renal failure and organ loss besides stroke and heart disease related mortality is 2-4 times more in diabetes patients (Green and Feinglos, 2008) . It is a progressive disease which often requires multimedication strategy in order to achieve better glycemic control. Lifestyle changes are the prime interventions after the diagnosis of diabetes but metformin is the first line drug to control the disease which may be followed by other drugs such as sulfonylurea, thiazolidinediones and insulin when metformin is found inadequate to control diabetes.
Amongst the add-on treatments, sulfonylurea and thiazolidinediones were studied but because of the higher prevalence of hypoglycemic events and other complications are considered as low priority options. More recent developments in this field include utilization of glucagon like peptide analogues, a-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors (DPPIs) and sodium-glucose co-transporter-4 inhibitors (SGL-TIs) which have potentials to be used as add-on treatments (Ahren, 2008; Nauck et al., 2009a,b; Kurosaki and Ogasawara, 2013) .
Whereas, agonists of the glucagon-like peptide-1 (GLP-1) receptor provide pharmacological levels of GLP-1 activity, DPPIs increase concentrations of endogenous GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) by inhibiting the breakdown of these incretins (Drucker and Nauck, 2006; Kendall et al., 2009 ). Both these incretins improve glucosedependent insulin release. Meal induced glucagon secretion is also believed to be suppressed by the GLP-1 (Deacon et al., 2004) . A number of DPPI drugs have shown efficacy and tolerability potentials and in a meta-analysis of 62 studies, DPPIs as monotherapy were found to decline percent HbA 1c by À0.76% when compared to respective placebo or comparator groups (Park et al., 2012) .
There is no study so far to meta-analyze the efficacy and safety of the DPPI-metformin combinational therapy against placebo-metformin or metformin only controls. This is important to evaluate this potential combinational therapy as many fixed-dose combinations of metformin and DPPI drugs are proposed and many are in different stages of development. This systematic review and meta-analysis therefore attempts to evaluate the efficacy and safety of the combinational therapy with metformin and DPPIs by examining the data generated from the randomized controlled trials (RCTs) that examined the effectiveness of this combination against placebo-metformin controls in T2DM patients finding metformin therapy inadequate.
Methods

Literature search
Multiple electronic databases were searched for the identification, selection and retrieval of the required research papers. These included Medline/Pubmed, EMBASE, SCOPUS, CI-NAHL, Google Scholar, Science Citation Index Expanded, Conference Proceedings Citation Index-Science, Cochrane Central Register of Controlled Trials and the ClinicalTrials.gov. Search engines were used with various combinations and phrases of the major MeSH terms including dipeptidyl peptidase-4 inhibitors, sitagliptin, alogliptin, saxagliptin, vildagliptin, linagliptin, dutogliptin, add-on treatment to metformin, combinational therapy, randomized controlled trial, efficacy, safety, tolerability, and diabetes. Lists of references of important articles were also screened for achieving comprehension in the literature search.
Inclusion and exclusion criteria
This meta-analysis and associated systematic review includes RCTs that examined the efficacy, safety and tolerability of DPPIs in combination with metformin during the years 2000 to September 2013. The participants of these trials were T2DM patients with inadequate control of disease with lifestyle changes and metformin therapy. Primary outcome measures of interest were percent glycated hemoglobin (HbA 1c ), fasting plasma glucose (FPG), postpandrial glucose (PPG) levels, homeostatic model of assessment (HOMA)-IR (insulin resistance) and -beta (beta cell), proinsulin-insulin ratio (PI), and body weight changes. The inclusion criteria were: (a) RCTs that examined the efficacy and safety of DPPI-MET against PBO-MET or MET-only groups of T2DM patients, (b) the trials had examined the effects of intervention on at least HbA 1c and FPG as clinical indicators of disease condition, (c) Disease diagnosis in the participants achieved at least 1 year before the start of the trial and (d) Length of the trial be at least 12 weeks. Exclusion criteria were: (a) RCTs which compared DPPI with metformin as monotherapies, (b) RCTs that studied DPPI-MET against PBO-MET plus other antidiabetic drug/s, (c) RCTs that utilized other contemporary drugs in combination with metformin as comparators against DPPI-MET, and (d) trials which compared the efficacy and safety of two DPPIs in combination with metformin without a PBO-MET or MET-only group.
Quality assessment of the trials
The Jadad scale was used to assess the quality of the RCTs included in the meta-analysis (Jadad et al., 1996) which evaluates reports of the RCTs under three major domains: randomization, concealment, and trial success in terms of participant dropout/withdrawal. The scale could award a maximum of 5 points to a RCT if it has (1) carried out randomization, (2) provided details of randomization process in the report, (3) carried out concealment, (4) provided sufficient details of concealment, and (5) provided fate of the participants i.e. dropouts/withdrawals etc. At least 3 out of 5 score was required for a trial to be included in this review. The inclusion of all randomized participants in the final analysis was considered only when at least 75% completeness of follow up was achieved.
Data extraction, synthesis and statistical analysis
Data regarding participant's demographic, pathological and clinical characteristics, trial design and criteria, interventions, outcome measures and outcomes were collected from research papers published during 2000 and 2013. Data extraction was carried out from textual, tabular and graphic sources as per need and later uniformity of units was ensured by using appropriate calculators.
Meta-analyses were carried out by using Review Manager software (RevMan Version 5.2; Chocrane Collaboration) with the random effects model. In the procedure, means with standard deviation (SD) values were either extracted directly or calculated accordingly that were used as input data for calculating mean differences and confidence intervals of both groups of each study. The overall effect of treatment was based on calculating a weighted average of the inverse variance adjusted individual study effects. Heterogeneity was determined with Chi 2 and I 2 indices and visual examination of funnel plots provided a rough indication of the publication bias.
Results
The literature search led to the final selection of nineteen studies after the observance of inclusion and exclusion criteria. A summarized flowchart of the literature search and study selection process has been given in Fig. 1 . Table 1 contains the characteristics of these studies. Of the included studies, trial duration was 3 months (3 trials), 6 months (12 trials), 1 year (3 trials) and 2 years (1 trial). The DPPIs studied were SITA (7 trials), VILDA (4 trials), SAXA (3 trials), LINA (3 trials) and ALO (2 trials). All of these trials used changes in percent HbA1c as the primary outcome measure.
Overall, the population size of this meta-analysis is 12180 T2DM patients with inadequate control on the disease with lifestyle interventions and metformin. Among the salient demographic features, the age of the participants was 54.86 ± 10.01 (mean ± SD), 52.4% of the participants were males and duration of disease since diagnosis was 5.15 ± 4.13 years (mean ± SD; range 1.7 ± 3 to 7 ± 6.3). Important clinical indicators of this sample of T2DM patients were: HbA1c (8.3 ± 0.82), FPG (9.93 ± 2.4) and BMI (30.12 ± 4.9).
The quality of the included studies was generally good with almost all studies scored 4/5 on Jadad scale. Sixteen studies also mentioned the accordance of their study protocols with the Helsinki Declaration of good practices.
A relatively higher level of heterogeneity was observed in many comparisons but not all and in many cases, there was no heterogeneity at all (I 2 ranged from 0% to 85%). A sensitivity analysis by making comparisons with either high dose groups or low dose groups did not give significant difference in the results achieved from the overall meta-analyses in the over efficacy parameters as well as in heterogeneity assessment. Publication bias was also evident from the observation of the funnel plots of almost all parameters and their categories ( Fig. 2) . The major findings of the meta-analyses are presented in Table 2 . In comparison with PBO-MET, the DPPI-MET combinational therapy resulted in the percent HbA 1c changes from baseline with a mean difference [95% CI] of À0.77 [À0.86, À0.69] in 3-month (P < 0.00001), À0.67 [À0.76, À0.59] in 6month (P < 0.00001), À0.67 [À0.88, À0.47] in 1-year (P < 0.00001) and À0.36 [À0.53, À0.20] in 2-year trials (P < 0.0003). Heterogeneity as estimated by I 2 was 67% and 78% in 6-month and 1-year trials respectively (Fig. 3) .
Fasting plasma glucose also declined and the mean difference from baseline between DPPI-MET and PBO-MET along with [95% CI] was À1.46 [À2.0, À0.91] in 3 months (P < 0.00001), À1.09 [À1.23, À0.95] in 6 months (P < 0.00001), À0.74 [À1.00, À0.49] after 1 year (P < 0.00001) and À0.58 [À1.01, À0.15] after 2 years (P < 0.005). Heterogeneity as estimated by I 2 was 85%, 46% and 14% in 3-month and 6-month and 2-year trials respectively. However, a sensitivity analysis (exclusion of Forst et al., 2010) left heterogeneity at 0% in the comparison of 3-month trials.
The differences between DPPI-MET and PBO-MET with regard to changes from baseline in reducing PPG levels were also pronounced. The mean difference [95% CI]) was À2.46 [À2.92, À2.0] after 3-6 month (P < 0.00001), À1.74 [À2.28, À1.19] after 1 year (P < 0.00001) and À1.29 [À1.98, À0.61] after 2 year (P < 0.006) trials. Heterogeneity (I 2 ) was 71% in the 3-6 month trials.
The differences between DPPI-MET and PBO-MET with regard to changes from baseline in proinsulin:insulin ratio were significant in up to 1 year trials but not in a 2 year trial. The mean difference [95% CI]) was À0.05 [À0.08, À0.01] after 3-6 month (P < 0.0008), À0.05 [À0.08, À0.02] after 1 year (P < 0.005) and À0.03 [À0.08, 0.02] after 2 year (P = 0.28) trials. Heterogeneity (I 2 ) was 57% in the 3-6 month trials and not apparent in other categories.
The differences between DPPI-MET and PBO-MET with regard to changes from baseline in HOMA-beta were significant throughout up to 2-year trials. The mean difference [95% CI]) was 12.6 [9.1, 16.09] after 3-6 month (P < 0.00001), 24.7 [15.62, 33.73] after 1 year (P < 0.00001) and 21.2 [6.72, 35 .72] after 2 years (P < 0.003). Heterogeneity (I 2 ) was 53% in the 3-6 month trials, and 14% in a 2-year trial.
The mean difference [95% CI]) between DPPI-MET and PBO-MET in changes from baseline in HOMA-IR was À0.4 [À0.79, À0.0] after 3-6 month (P < 0.05), 1.47 [1.25, 4.18] after 1 year (P < 0.00001) and 0.46 [À0.37, 1.29] after 2 years (P = 0.28). Heterogeneity (I 2 ) was 46% in the 3-6-month trials, and 96% in a 1-year trial.
The safety profile of the DPPIs synthesized by averaging the data of the included studies was very similar in both treated and control groups ( Table 3 ). The percentage of patients encountering at least one serious AE was 2.7 and 2.7 and discontinuation due to any AE was 2.9 and 2.1 in the DPPI-MET and PBO-MET groups respectively.
The effect of DPPI-MET on clinically important physiological indicators was reported to be neutral by the majority of studies. A synthesis based on averaging the effects on lipid profile mentioned by five studies as DPPI-MET vs PBO-MET was total cholesterol (1.83 vs 4.43), triglyceride (À1.7 vs 7), high-density lipoprotein cholesterol; HDL-C (3.87 vs 4.05), low-density lipoprotein cholesterol (3.8 vs 5.57), and non-HDL-C (1.67 vs 5.77). These values are percent change from baseline. 
Discussion
This study finds a significant beneficial effect of the combinational therapy with DPPI and metformin for T2DM patients when compared to the placebo-metformin combination or only metformin. All major endpoints such as HbA 1c , FPG, PPG, PI and HOMA (-beta and -IR) exhibited statistically significant improvements which in the majority of cases persisted up to 2 years. The maintenance of these endpoints at target levels along with safety and tolerability is highly desirable in T2DM management. Although, the improvements in HbA1c, FPG and PPG were more pronounced in the trials of up to 1 year duration they were relatively less in the trials of longer duration. Reductions in the mean difference in the changes from baseline between treated and control groups for these endpoints from 3-month trials to 2-year trial were À0.77 to À0.36 for percent HbA1c, from À1.46 to À0.58 ng/ml for FPG and from À2.46 to À1.29 ng/ml for PPG. However, reduction in significance levels was also associated with the number of trials which was higher in short-term trials and on the other only one trial could be included in the analysis of 2 years long treatment effect.
In this meta-analysis, PI significantly reduced in 3-6 months and 1 year trials (by 0.5 in both durations) but the mean difference (0.3) between treated and control groups was not significant in the 2-year trial. Improvement in HOMA-beta and HOMA-IR was significantly better in DPPI-MET groups but the mean differences of changes from baseline in trials of different durations were not uniform (Table 1) . However, in these cases (PI and HOMA), analysis for over 6 month duration was based on the least number of eligible trials.
Reports of long-term effectiveness of DPPIs are less available as compared to 6-month and 1-year trials. Whereas a 2 year long trial which compared SITA-MET and MET-only found change from baseline in HbA 1c of À1.7% in the former and À1.3% in the latter groups (Williams-Herman et al., 2010), a comparable RCT (Seck et al., 2010) which compared SITA-MET with glipizide-MET reported a least squares mean change in HbA 1c of À0.54% from baseline in the SITA-MET group after 2 years of treatment. In this trial body weight declined up to À1.6 kg in the SITA-MET group from baseline whereas in the trial of Williams-Herman et al. (2010) after 104 weeks, body weight reduction was noted up to À1.2 kg in SITA-MET group and À2.4 kg in MET-only group. So far, the efficacy and safety of SAXA-MET have been reported for up to 3 years .
Generally, DPPIs are considered as weight-neutral medication for T2DM (Inzucchi et al., 2012) . In the present review, the effect size of body weight reduction from baseline in 6month trials has been noticed as À0.6 (range, À0.1 to À1.6) kg and À0.8 (range, À0.2 to À1.6) kg in DPPI-MET and PBO-MET groups respectively. One year long trials have noticed changes in body weight from baseline as À1.1 kg in SITA-MET and À1.2 kg in MET-only group (Olansky et al., 2011) , up to À1.7 kg in SITA-MET group and À1.5 kg in MET-only groups (Williams-Herman et al., 2009 ) and À0.2 kg in both VILDA-MET and PBO-MET groups (Ahren et al., 2005) . Goodman et al. (2009) noted no reduction in body weight of VILDA-MET treated patients against 0.69 kg reduction in PBO-MET group. Raz et al. (2008) also found no meaningful between-group (SITA-MET vs PBO-MET) difference in body weight change in a 30-week trial. However, DeFronzo et al. (2008) have noted an inverse relationship between increasing doses of SAXA-MET and mean changes from baseline in body weight (À1.43, À0.87, and À0.53 kg for 2.5, 5, and 10 mg) at week 24 of treatment.
The contemporaneous of DPPI-MET is not yet fully clear as some other drugs have shown comparable efficacy and safety properties in RCTs. The GLP-1 receptor analogues (GLPA) such as liraglutide and exenatide have been found to be superior when co-administered with metformin with a mean difference of 0.53% between DPPI-MET and GLPA-MET in declining Please note that, keeping in view the similar effects of different doses, two doses of some studies are included in the analyses as sensitivity analyses did not note much difference. Study identification has been indicated as a/b and dosage details are presented in Table 1 .
HbA 1c (Pratley et al., 2010 (Pratley et al., , 2011 Bergenstal et al., 2012) . A similar finding has also been reported by Aroda et al. (2012) who compared DPPIs with GLPAs in a meta-analysis and found a superiority of GLPAs of about 0.5% in declining HbA 1c . One RCT which compared SGLTI-MET with DPPI-MET found the former combination better in declining percent HbA 1c with a mean difference of 0.37% between canagliflozin-MET and SITA-MET (Schernthaner et al., 2013) . DPPI-MET therapy has also been suggested to be upper hand to metformin up-titration because of low gastrointestinal side effects in the former intervention (Filozof et al., 2010; Hermans et al., 2012) . Lesser availability of longer duration RCTs for this study was an important limitation which might be overcome to some extent in coming years when the results of some ongoing trials will be available. Higher levels of statistical heterogeneity observed in many comparisons may also be considered as a limitation. Sensitivity analyses could reduce heterogeneity significantly at least in one comparison in which I 2 declined from 85% to 0% when a single trial was excluded (see para 6 of Section 3). To which extent it was attributable to clinical and methodological heterogeneity could not be elucidated. However, the age of the participant population deviated 10 years from the mean (54) and mean duration of disease since diagnosis was 5.15 with a standard deviation of 4.13 and range of 1.7-7.0 years. Furthermore BMI deviated about 5 from a mean of 30, though relatively smaller deviations were noted for major clinical indicators. In multi-center and multi-national trials ethnicity may also contribute to overall heterogeneity.
Conclusion
A combinational therapy with DPPI and metformin significantly improves diabetes clinical indicators. This study has observed the persistence of effect for up to 2 years but the efficacy of DPPI-MET combination therapy has been reported beyond this period. Analysis of the body weight effect of this combination revealed that DDPIs are weight neutral drugs and slight decrease in body weight because of this therapy was attributable to metformin. Safety and tolerability of this combinational therapy have been found well-manageable with a very similar adverse event profile in both treated and control groups. Therefore, this study finds that combinational therapy with a DPPI and metformin is a valuable strategy especially as second line therapeutic option, however, availability of more data in a few years will clarify the position of DPPIs in the armamentarium against diabetes and possibly more specific prescription. 
